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TITLE OF THE INVENTION 
CONTROL MAGNETIC BEARING DEVICE 

BACKGROUND OF THE INVENTION 
5 The present invention relates to magnetic bearing 

devices of the control type, for example, for use in 
turbo-molecular pumps . 

Magnetic bearing devices of the type mentioned comprise 
a rotor contactlessly supported by a plurality of control 

10 magnetic bearings and rotatable by an electric motor to be 
driven by an inverter. Electric power is supplied from an 
external power source, i.e., a commercial AC power source (200 
V) , to a power source unit for supplying electric power (direct 
current) , for example, to the inverter, a magnetic bearing 

15 drive circuit and a main control unit for controlling these 
components. The power source unit rectifies and smooths the 
alternating current from the commercial power source and 
supplies the resulting current to the inverter, etc. 

However, the conventional magnetic bearing device has 

20 the problem that when the input voltage from the power source 
unit to the inverter involves fluctuations due to voltage 
variations of the external power source, the motor current (the 
current actually flowing through the electric motor) also 
fluctuates correspondingly, consequently varying the 

25 rotational speed of the motor and failing to maintain the gas 
discharge performance of the pump at a constant level. 

In the main control unit of the conventional magnetic 
bearing device, for example, in a PI control calculation unit 
thereof, the value of current to be supplied to the motor is 
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calculated from the difference between a target value of 
rotational speed of the motor and the detected value of 
rotational speed thereof, and the calculated current value is 
output to the inverter as a command current value. Accordingly, 
5 even when the command current value to be output to the inverter 
is constant, the motor current varies if the input voltage from 
the power source unit to the inverter fluctuates. 

The motor current variation can be eliminated by adding 
a constant-voltage circuit or like hardware to the main control 
10 unit, but the device then becomes large-sized and more costly 
to manufacture. 



SUMMARY OF THE INVENTION 
An object of the present invention is to solve the above 

15 problem and to provide a control magnetic bearing device 
wherein fluctuations in the motor current due to fluctuations 
in the input voltage from the power source unit can be 
suppressed and which is reduced in size and cost. 

The present invention provides a control magnetic 

20 bearing device comprising a plurality of control magnetic 
bearings for contactlessly supporting a rotor, an electric 
motor for rotating the rotor, a magnetic bearing drive circuit 
for driving the magnetic bearings, an inverter for driving the 
electric motor, a main control circuit for controlling the 

25 magnetic bearing drive circuit and the inverter, and a power 
source unit connected to an external power source for supplying 
electric power to the magnetic bearing drive circuit, the 
inverter and the main control unit, the control magnetic 
bearing device being characterized in that the main control 



unit has software-programmable digital processing means for 
controlling the inverter in accordance with an input voltage 
value from the power source unit. 

Usable as the software-programmable digital processing 
5 means is, for example, an MPU (microprocessor), digital signal 
processor or the like. The term "digital signal processor" 
as used herein refers to software-programmable hardware which 
is specifically usable in the present device, receives digital 
signal inputs, produces digital signal outputs and is adapted 

10 for high-speed calculation processing. The processor will 
hereinafter be referred to as "DSP." 

The voltage value input from the power source unit to 
the main control unit and that input from the power source unit 
to the inverter are equal to each other. Therefore, when the 

15 inverter is controlled by the main control unit in accordance 
with the voltage value input to the unit from the power source 
unit, this means that the inverter is controlled in accordance 
with the voltage value input from the power source unit to the 
inverter . 

20 The main control unit controls the inverter so as not 

to produce variations in the motor current even if the input 
voltage from the power source unit fluctuates. 

With the control magnetic bearing device of the invention, 
the inverter is controlled in accordance with the input voltage 

25 value from the power source unit, whereby variations in the 
motor current due to fluctuations in the input voltage value 
from the power source unit can be suppressed, consequently 
suppressing variations in the rotational speed of the motor 
due to fluctuations in the input voltage value. In the case 
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where the device is incorporated, for example, into a 
turbo-molecular pump, the pump is capable of exhibiting 
constant gas discharge performance. Since the main control 
unit has software-programmable digital processing means for 
5 controlling the inverter, the device is serviceable for the 
pump merely by modifying the software only without the 
necessity of additionally using a constant-voltage circuit or 
like hardware. This renders the device reduced in size and 
less costly. 

10 For example, the main control unit controls the command 

current value to be output to the inverter, in accordance with 
the input voltage value from the power source unit. 

The main control unit calculates the current value to 
be supplied to the motor, for example, from the difference 

15 between a target rotational speed value of the motor and a 
detected rotational speed thereof, and controls the command 
current value to be output to the inverter so that the motor 
current value becomes equal to the calculated current value 
despite fluctuations in the voltage value input from the power 

20 source unit. Stated more specifically, when the input voltage 
value drops, the command current value is increased for the 
calculated current value, whereas if the input voltage value 
increases, the command current value is lowered for the 
calculated current value. For example, as the input voltage 

25 value increases, the command current value is lowered linearly 
for the same calculated current value. 

In this way, the motor current can be made to remain free 
of variations for the same command current value even if the 
input voltage value fluctuates. 
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For example, the main control unit alters the upper limit 
of the command current value to be output to the inverter, in 
accordance with the input voltage value from the power source 
unit . 

5 The main control unit alters the upper limit of the 

command current value so that the motor current, i.e., the 

i 

maximum value of motor current, remains the same when the upper 
limit is output as the command current value even if the input 
voltage value fluctuates. Stated more specifically, when the 

10 input voltage value drops, the upper limit of the command 
current value is increased, whereas if the input voltage value 
increases, the upper limit of the command current value is 
lowered. For example, as the input voltage value increases, 
the upper limit of the command current value is lowered 

15 linearly. 

Even if the input voltage value fluctuates, the maximum 
value of the motor current is made constant in this way to 
suppress variations in the maximum value of the motor current. 

For example, the main control unit comprises a control 

20 calculator for calculating the current value to be supplied 
to the electric motor from the difference between a target 
rotational speed value of the motor and a detected rotational 
speed value thereof, a command value output portion for 
limiting the calculated current value from the control 

25 calculator to a value not higher than a predetermined upper 
limit and outputting the limited value as a command current 
value, and an upper limit altering portion for altering the 
upper limit in the command value output portion in accordance 
with the input voltage value from the power source unit. 
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Even if the input voltage value fluctuates, the maximum 
value of the motor current is made constant also in this case 
as above to suppress variations in the maximum value of the 
motor current. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram showing an embodiment of 
the present invention as applied to a turbo-molecular pump, 
i.e., a control magnetic bearing device; and 
10 FIG. 2 is a functional block diagram showing an example 

of motor rotational speed control processing to be performed 
by a main control unit. 



DETAILED DESCRIPTION OF THE INVENTION 
15 The present invention as applied to a turbo-molecular 

pump will be described below with reference to the drawings. 

FIG. 1 schematically shows the construction of the 
turbo-molecular pump. 

The pump comprises a machine body 1 providing a pump main 
20 body, and a controller 2 providing a pump control unit serving 
as control means. 

The machine body 1 has a rotor (pump rotor) 3 constituting 
a pump, displacement sensor units 4, control magnetic bearings 
5, an induction machine which is, for example, a built-in 
25 electric motor 6, and a rotational speed sensor 7 serving as 
a rotation speed detecting means. 

The controller 2 has a displacement calculation circuit 
8, magnetic bearing drive circuit 9, inverter 10, DSP board 
11 and power source unit 12 . The DSP board 11 has a main control 
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unit 13, AD converter 14 and DA converter 15. 

The magnetic bearings 5 include a control axial magnetic 
bearing disposed at one location along the axial direction of 
the rotor 3 for contactlessly supporting the rotor 3 with 
5 respect to the direction of an axial control axis, and two 
control radial magnetic bearings arranged respectively at two 
locations along the axial direction of the rotor 3, each of 
the radial magnetic bearings contactlessly supporting the 
rotor 3 with respect to two radial control axes orthogonal to 

10 each other. The axial magnetic bearing comprises a pair of 
electromagnets (axial electromagnets) so arranged as to hold 
the rotor 3 from opposite sides thereof in the direction of 
the axial control axis. Each of the radial magnetic bearings 
comprises a pair of electromagnets (radial electromagnets) 

15 provided for each of the radial control axes and so arranged 
as to hold the rotor 3 from opposite sides thereof in the 
direction of the radial control axis. 

Although not shown, the displacement sensor .units 4 
include an axial displacement sensor unit and a radial 

20 displacement sensor unit. The axial displacement sensor unit 
comprises an axial displacement sensor for detecting the 
displacement of the rotor 3 in the direction of the axial 
control axis. The radial displacement sensor unit comprises 
a pair of radial displacement sensors provided for each of the 

25 radial control axes at the location of each of radial magnetic 
bearings and so arranged as to hold the rotor 3 from opposite 
sides of thereof in the direction of the radial control axis. 
The displacement calculation circuit 8 calculates for the 
axial control axis the displacement of the rotor 3 in the 
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direction of the axial control axis from the output of the 
axial displacement sensor, calculates for each of the radial 
control axes the displacement of the rotor 3 in the direction 
of the radial control axis based on the output of the 
5 corresponding pair of radial displacement sensors , and outputs 
displacement signals corresponding to the calculated 
displacement values to the main control unit 13 via the AD 
converter 14. The displacement sensor units 4 and the 
displacement calculation circuit 8 constitute displacement 
10 detecting means for detecting the displacement of the rotor 
3. 

The main control unit 13 comprises a DSP which is 
software-programmable digital processing means, and controls 
the magnetic bearing control circuit 9, the inverter 10, etc. 

15 The power source unit 12 is connected to a 200-V 

commercial power source 16 which is an external power source, 
rectifies and smooths alternating current from the power 
source 16 and supplies DC power to the magnetic bearing drive 
circuit 9, inverter 10, main control unit 13, etc. 

20 The main control unit 13 calculates energizing current 

values for the respective electromagnets of the magnetic 
bearings 5 based on the displacement signals from the AD 
converter 14, and feeds energizing current signals 
corresponding to the calculated values to the drive circuit 

25 9 via the DA converter 15. 

The magnetic bearing drive circuit 9 has a plurality of 
power amplifiers corresponding to the respective 
electromagnets of the bearings 5 and supplies energizing 
currents output from the DA converter 15 and in proportion to 
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the energizing current signals to the respective corresponding 
electromagnets of the bearings 5, whereby the rotor 3 is 
contactlessly supported at the specified target position. 

The motor 6 rotatingly drives the rotor 3 as supported 
5 contactlessly. The rotational speed sensor 7 detects the 
rotational speed of the rotor 3 and outputs a constant number 
of pulse signals (for example, one pulse signal) per turn of 
rotation of the rotor 3 to the main control unit 13. As will 
be described in detail later, the main control unit 13 

10 calculates the rotational speed of the rotor 3 from the pulse 
signals from the sensor 7 and outputs a command current signal 
to the inverter 10 based on the calculated speed for controlling 
the rotational speed of the motor 6. Based on the command 
current signal from the main control unit 13, the inverter 10 

15 controls the rotational speed of the motor 6, for example, by 
the PWM method. As a result, the rotor 3 is held at an 
approximately constant rotational speed during steady-state 
rotation. 

The main control unit 13 further samples the value of 
20 input voltage from the power source unit 12 at intervals of 
a predetermined period of time (e.g., 5 seconds) and controls 
the command current value to be output to the inverter 10 in 
accordance with the input voltage value. 

FIG. 2 is a functional block diagram showing an example 
25 of function of a motor control portion (portion for controlling 
the rotational speed of the motor) included in the main control 
unit 13. Next with reference to the drawing, a description 
will be given of an exemplary procedure for controlling the 
rotational speed of the motor 6 by the motor control portion. 



10 

The motor control portion is adapted for the PI control 
of the rotational speed of the motor 6, and comprises a PI 
control calculator 30 having a proportional operating portion 

17 and an integral operating portion 18. 

5 With reference to FIG. 2, indicated at Dl is a target 

rotational speed value to be set inside the motor control 
portion, and at D2 is a rotational speed value of the motor 
6 detected by the rotational speed sensor 7. 

In the motor control portion, the target rotational speed 

10 value is first compared with the highest settable rotational 
speed D3max and the lowest settable rotational speed D3min by 
a target value limiter 31, and Dl as limited to a value between 
D3max and D3min, i.e. , a value D4, is fed as a target rotational 
speed value to a subtracting portion 19. The difference D5 

15 between the target value D4 and the detected rotational speed 
value D2 is calculated by the subtracting portion 19 and fed 
to the proportional operating portion 17 and to the integral 
operating portion 18. The proportion operating portion 17 
outputs a proportional output value D6 in proportion to the 

20 difference D5 to an adder 20. The integral operating portion 

18 delivers an integral output value D7 proportional to the 
integrated value of the difference D5 to an integral output 
limiter 32, in which the output value D7 is compared with the 
highest allowable integral output value D8max and the lowest 

25 allowable integral output value D8min. D7 as limited to a 
value between D8max and D8min, i.e., a value D9, is input to 
the adder 20 as a limited integral output value. The highest 
allowable integral output value D8max is a positive value, the 
lowest allowable integral output value D8min is a negative 



11 



value, and the absolute values of these values are usually equal 
to each other. The sum D10 of the proportional output value 
D6 and the integral output value D9 is calculated by the adder 
20. This value D10 is a calculated current value, which is 
5 output from the calculator 30. 

In the case of acceleration, a current value limiter 34 
of a first command value output portion 33 compares the 
calculated current value D10 with the highest allowable 
current value Dllmax which is an upper limit value and with 

10 the lowest allowable acceleration current value Dllmin which 
is a lower limit value, and D10 as limited to a value between 
Dllmax and Dllmin, i.e., a value D12, is input to an adder 21. 
The value D12 is a command current value for acceleration. The 
value D12 is added to a constant value D13 by the adder 21, 

15 and the resulting value D14 is delivered from the command value 
output portion 33 to the inverter 10 as a command current 
signal . 

In the case of deceleration, a current value limiter 36 
of a second command value output portion 35 compares the value 

20 D10 with the highest allowable current value Dllmax and with 
the lowest allowable deceleration current value D15min which 
is a lower limit value, and D10 as limited to a value between 
Dllmax and D15min, i.e., a value D16, is input to an adder 22. 
The value D16 is a command current value for deceleration. The 

25 value D16 is added to the constant value D13 by the adder 22, 
and the resulting value D17 is delivered from the command value 
output portion 35 to the inverter 10 as a command current 
signal . 

On the other hand, an input voltage value D18 from the 
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power source unit 12 is input to an integrator 23 of an upper 
limit altering portion 37 . The product D20 of D18 by a constant 
value D19 is calculated by the integrator 23, and the product 
D20 is fed to a subtracting portion 24. The difference D22 
5 between D20 and a constant value D21 is calculated by the 
subtracting portion 24 and input to an integrator 25, in which 
the product of D22 by a constant value D23 is calculated. The 
resulting value is the above-mentioned highest allowable 
current value Dllmax, which is delivered from the upper limit 
10 altering portion 37 to the current value limiter 34 or 36. 

The upper limit value Dllmax thus calculated by the 
altering portion 37 is represented by Equation (1) given below. 

Dllmax = D23 X (D21 - D19 X D18) ...(1) 

Since D23, D21 and D19 are constant values, it is assumed 
15 that these values are a, b and c, respectively. Equation (1) 
can then be rewritten as Equation (2) below. 

Dllmax = a X (b - c X D18) ...(2) 

This Equation (2) indicates that as the input voltage 
value D18 increases, the upper limit value Dll decreases 
20 linearly. 

When the upper limit value is fed as a command current 
value to the inverter 10, the motor current becomes maximum. 
The above constants a, b and c are so determined that even if 
the input voltage value D18 fluctuates, the motor current, that 
25 is, the maximum value of the motor current, becomes the same 
when the upper limit value Dllmax is output as the command 
current value D12 or D16. In this way, it is possible to make 
the maximum value of the motor current constant with variations 
in the maximum current value suppressed, even if the input 
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voltage value fluctuates. 



